Anterior cruciate ligament (ACL) tear is a common sports injury in adolescent patients, for whom ACL reconstruction (ACLR) is generally pursued to restore knee stability and allow return to sports (RTS). The use of an interference screw to secure a graft in the tibial tunnel became popular because noninterference methods, such as metal staples or tying the graft over a cortical post, were shown to be associated with loosening, loss of fixation, and need for subsequent hardware removal.^[@bibr9-2325967120904010],[@bibr18-2325967120904010],[@bibr23-2325967120904010]^ Material options for tibial interference screws include metal or bioabsorbable compounds. Complications related to metal screws such as pain, graft injury at time of insertion, magnetic resonance imaging (MRI) incompatibility, need for a second operation for screw removal, and technical challenges with revision surgery have been reported.^[@bibr11-2325967120904010],[@bibr25-2325967120904010],[@bibr29-2325967120904010]^ These reports led to the development and popularization of bioabsorbable interference screws.

A 2016 population-based epidemiologic study^[@bibr31-2325967120904010]^ on over 20,000 ACLRs indicated that bioabsorbable screw fixation had become the most common method of tibial graft fixation for all graft choices, the most common of which is hamstring or patellar tendon autograft. The outcomes have generally been equivalent after the use of bioabsorbable screws for tibial fixation versus metal interference screw fixation, based on multiple randomized trials and meta-analyses.^[@bibr3-2325967120904010],[@bibr16-2325967120904010],[@bibr19-2325967120904010],[@bibr26-2325967120904010],[@bibr30-2325967120904010]^ Advantages of the bioabsorbable screws are that they are less likely to damage the graft upon placement and that there is less stress shielding because of their ability to gradually transfer the load as they degrade.^[@bibr28-2325967120904010]^ Reported complications for bioabsorbable screws include screw breakage, inflammatory or foreign body reaction, tunnel enlargement, and delayed graft healing/integration. In addition, in younger patients, many of whom have ongoing growth and unique properties of bone biology, the the screws may be broken down differently compared with their adult counterparts. To date, no large studies have evaluated complications related to the use of bioabsorbable tibial screws in ACLR specifically in pediatric and adolescent patients.

The purpose of this study was therefore to retrospectively analyze the complications associated with tibial bioabsorbable interference screw use in pediatric and adolescent athletes after ACLR. We hypothesized that complications would be minimal and that different screw types would not affect complication rates or clinical outcomes.

Methods {#section1-2325967120904010}
=======

After institutional review board approval, Current Procedural Terminology billing codes were cross-referenced with computerized medical records to identify patients at a single institution who were aged ≤18 years and who underwent ACLR surgery with a bioabsorbable interference screw from January 1, 2000, to December 31, 2011. All graft types and revision ACLR cases were included. Computerized medical records in these patients were then scrutinized to identify all patients with screw-related complaints, including all patients who subsequently needed a reoperation to treat symptoms related to the tibial interference screw. Exclusion criteria consisted of patients who did not undergo ACLR with a bioabsorbable screw for tibial fixation, such as pediatric patients who underwent the physeal-sparing iliotibial band reconstruction technique.^[@bibr17-2325967120904010]^ Patients needed to have completed a clinic visit at a minimum of 1 year after ACLR to be included in the study.

Recorded patient data included age, sex, body mass index, mechanism of injury, primary sport, length of time from injury to presentation and from injury to surgery, duration of follow-up, and history of prior knee surgery (as documented in the computerized medical records from patient reporting at initial visit). Imaging data were collected from direct review of MRI or, in a minority of cases where outside imaging was unavailable, from formal radiologist MRI reports as well the treating orthopaedic surgeon's review as documented in the medical record. Recorded data from imaging included the presence of inflammation or cystic fluid around the tibial interference screw or the presence of loose fragments of the interference screw, along with assessment of concurrent injuries such as medial collateral ligament, posterior cruciate ligament, lateral collateral ligament, and meniscal and chondral injuries.

Procedural data were collected from operative reports, with recorded variables including date of surgery, surgeon, screw type, screw size, and features of the reconstruction, such as graft type (categorized as autograft hamstring, autograft bone--patellar tendon--bone, or cadaveric allograft tendon), revision or primary reconstruction, and concurrent procedures performed, including meniscectomy, meniscal repair, or other ligament repairs. "Low volume surgeons" were classified as averaging equal to or less than 10 ACLR surgeries per year over the study period, while "high volume surgeons" were classified as averaging more than 10 ACLR surgeries per year over the study period.

The following 2 primary outcomes after ACLR surgery were considered: screw-related symptoms and secondary surgery related to the screw. Percentages of cases experiencing these outcomes were compared between various subgroups using the Fisher exact test for unadjusted analyses and multivariable logistic regression for adjusted analyses. Factors with *P* values \<.10 in unadjusted analysis were considered as candidates for evaluation in the regression models. The distributions of time from ACLR to screw removal and from screw removal to a second reoperation were estimated with the Kaplan-Meier method.

For the subgroup of cases who underwent screw removal surgery, postoperative variables (after the screw removal surgery), including persistent pain, ability to RTS, and need for secondary reoperation (ie, a third operation on the knee), were considered for all patients with ≥12 months of follow-up from screw removal surgery. Because so many uninjured children and adolescents are, at baseline, in transitional phases of athletic participation during middle school, high school, or graduation from high school (educational phases corresponding to the ages of the study population), analysis of RTS was restricted to patients in whom the initial injury occurred while playing sports and in whose medical records there was adequate detail to understand their RTS status. The Fisher exact test was used to compare groups with respect to percentage achieving RTS and percentage requiring secondary reoperation after screw removal surgery. No factors were statistically significant in these unadjusted analyses, and regression models were therefore not pursued.

The statistical assumption of independent observations was partially violated in the analysis of clinical outcomes after ACLR, as there was a subgroup of patients (8%) contributing data from more than 1 ACLR. To evaluate the sensitivity of our analyses to the clustered nature of the data, *P* values from the Fisher exact test and from a logistic model with a random patient effect were compared. In another sensitivity analysis, we compared the results of the Fisher exact test with those of the log-rank test, which takes into account the time to screw surgery or, in those who did not undergo screw surgery, the amount of follow-up. The results were substantively unchanged in these alternative analyses, and we report only the Fisher exact test results. In the analysis of outcomes after screw removal surgery, there was very little clustering, as only 1 of 45 patients with screw removal surgery contributed more than 1 case.

*P* values are 2-sided and considered statistically significant at the .05 level. All statistical analyses were conducted with SAS 9 software (Version 9.4, SAS Institute Inc).

Results {#section2-2325967120904010}
=======

There were 925 ACLR cases in 858 patients who met the inclusion criteria. For 793 patients, a single knee was studied. A total of 63 patients contributed 2 ACLR cases each and 2 patients contributed 3 cases each. Demographic and surgical characteristics of the 925 cases are summarized in [Table 1](#table1-2325967120904010){ref-type="table"}. A total of 409 cases in 375 patients did not meet the minimum follow-up requirements (12 months) and were therefore included in the demographic analyses, but excluded from the outcomes analyses. For the remaining 550 cases, follow-up from ACLR to last clinic visit ranged from 12 months to 13.2 years (median, 32.0 months; interquartile range \[IQR\], 20.9-49.2).

###### 

Characteristics of All Patients*^a^*

![](10.1177_2325967120904010-table1)

  Characteristic                              Value
  ------------------------------------------- --------------
  *Demographics*                              
   Year of ACLR                               
    2000-2004                                  189 (20)
    2005-2008                                  377 (41)
    2009-2011                                  359 (39)
   Side                                       
    Left                                       446 (48)
    Right                                      479 (52)
   Sex                                        
    Male                                       319 (34)
    Female                                     606 (66)
   Patient age at ACLR, y                     
    10-13                                      135 (15)
    14-16                                      576 (62)
    17-18                                      214 (23)
    Mean (±SD)                                 15.7 (±1.6)
  *ACLR procedure details*                    
   Surgeon                                    
    A                                          441 (48)
    B                                          219 (24)
    C                                          157 (17)
    D                                          51 (6)
    Others (n = 3)                             57 (6)
   Graft type                                 
    Autograft hamstring                        671 (73)
    Autograft BTB                              158 (17)
    Cadaveric allograft*^b^*                   96 (10)
   Revision surgery                            33 (4)
   Screw type: name (composition) (N = 919)   
    BIO-RCI (PLLA-HA)                          838 (91)
    Delta tapered or rounded (PLLA)            43 (5)
    Calaxo (PDLG 65%, CC 35%)                  5 (\<1)
    Others (mostly PLLA)                       33 (4)
  *Associated procedures*                     
   Meniscal procedures                        
    None                                       396 (43)
    Meniscectomy only                          200 (22)
    Repair ± meniscectomy                      329 (36)
   Chondroplasty                               53 (6)
   Other ligament*^c^* injury or repair        14 (2)
   Any other procedure*^d^*                    27 (3)

*^a^*Data are expressed as No. of knees (%) unless otherwise specified. N = 925 except where noted. ACLR, anterior cruciate ligament reconstruction; BTB, bone--patellar tendon--bone; CC, calcium carbonate; HA, hydroxyapatite; PDLG, poly-[d]{.smallcaps},[l]{.smallcaps}-lactide-*co*-glycolide; PLLA, poly-[l]{.smallcaps}-lactic acid.

*^b^*Tibialis anterior (n = 65), Achilles (20), hamstring (6), posterior tibial tendon (4), and BTB (1).

*^c^*Medial collateral ligament (n = 4), posterior cruciate ligament (3), lateral collateral ligament (8), and posterolateral corner repair (6). Some patients had more than 1 ligament injury or repair.

*^d^*Lateral release (n = 13), loose body (8), osteochondritis dissecans drilling (3), removal of hardware (2), and hemarthrosis drainage (1).

Screw-Related Symptoms {#section3-2325967120904010}
----------------------

The outcomes assessed in the whole cohort were screw-related symptoms requiring or not requiring surgery. Of the 925 cases, 45 (4.9%) cases (in 44 patients) experienced screw-related symptoms requiring surgery. [Figure 1](#fig1-2325967120904010){ref-type="fig"} shows a Kaplan-Meier estimate of the cumulative probability of screw removal surgery over time. The 45 surgeries occurred 4.9 months to 6.2 years after ACLR (median, 24.1 months; IQR, 11.5-40.6). The time from onset of problem to date of surgery ranged from 0.1 to 14.1 months (median, 1.2 months; IQR, 0.7-2.5).

![Kaplan-Meier curve estimate of the cumulative probability of screw removal surgery over time. ACLR, anterior cruciate ligament reconstruction.](10.1177_2325967120904010-fig1){#fig1-2325967120904010}

Another 44 (4.8%) cases (in 44 patients) experienced screw-related symptoms (screw site pain or prominence) that did not require surgery. In 13 of 41 (32%) patients for whom clear medical record--based information was available, the symptoms persisted at the last clinic visit. In the other 28 (68%) patients, the pain resolved after a period of observation. Therefore, a total of 45+44 or 89 (9.6%) patients had screw-related symptoms, with or without an additional screw-related surgery.

[Table 2](#table2-2325967120904010){ref-type="table"} summarizes the unadjusted analysis of predictors of screw-related symptoms requiring surgery and any screw-related symptoms. Right side, female sex, and revision surgery all had *P* values \<.10 in unadjusted analysis of screw surgery and were considered simultaneously in a logistic model; all were statistically significant in the model ([Table 3](#table3-2325967120904010){ref-type="table"}). In the unadjusted analysis of any screw problem, low-volume surgeon and right side were considered in logistic regression models. The final model retained only low-volume surgeon ([Table 3](#table3-2325967120904010){ref-type="table"}). No particular screw type, of the 4 categories of screw makeup (see [Table 1](#table1-2325967120904010){ref-type="table"}), was predictive of the need for secondary removal surgery, nor was any particular type predictive of screw-related symptoms.

###### 

Patient Characteristics for Screw-Related Symptoms Requiring Screw Removal Surgery and for Any Screw-Related Symptoms*^a^*

![](10.1177_2325967120904010-table2)

                                                Screw Removal   Any Screw-Related Symptoms               
  --------------------------------------- ----- --------------- ---------------------------- ----------- -------
  All                                     925   45 (4.9)                                     89 (9.6)    
  *Demographics*                                                                                         
   Year of ACLR                                                 .81                                      .61
    2000-2004                             189   11 (5.8)                                     17 (9.0)    
    2005-2008                             377   17 (4.5)                                     33 (8.8)    
    2009-2011                             359   17 (4.7)                                     39 (10.9)   
   Side  Left                             446   13 (2.9)        .009                         35 (7.8)    .09
    Right                                 479   32 (6.7)                                     54 (11.3)   
   Sex                                                          .04                                      .29
    Male                                  319   9 (2.8)                                      26 (8.2)    
    Female                                606   36 (5.9)                                     63 (10.4)   
   Patient age at ACLR, y                                       .44                                      .53
    10-13                                 135   4 (3.0)                                      10 (7.4)    
    14-16                                 576   28 (4.9)                                     55 (9.5)    
    17-18                                 214   13 (6.1)                                     24 (11.2)   
  *ACLR procedure details*                                                                               
   Surgeon volume*^b^*                                          .23                                      .01
    High                                  817   37 (4.5)                                     71 (8.7)    
    Low                                   108   8 (7.4)                                      18 (16.7)   
   Graft type                                                   .94                                      .68
    Autograft hamstring                   671   33 (4.9)                                     65 (9.7)    
    Autograft BTB                         158   7 (4.4)                                      13 (8.2)    
    Cadaver                               96    5 (5.2)                                      11 (11.5)   
   Revision surgery                                             .07                                      .24
    No                                    892   41 (4.6)                                     84 (9.4)    
    Yes                                   33    4 (12.1)                                     5 (15.2)    
   Screw type: name (composition)                               .36                                      .16
    BIO-RCI (PLLA-HA)                     838   40 (4.8)                                     79 (9.4)    
    Delta tapered or rounded (PLLA)       43    2 (4.7)                                      7 (16.3)    
    Calaxo (PDLG 65%, CC 35%)             5     1 (20.0)                                     1 (20.0)    
    Others (mostly PLLA)                  33    1 (3.0)                                      1 (3.0)     
  *Associated procedures*                                                                                
   Meniscal procedures                                          .43                                      .93
    None                                  396   19 (4.8)                                     39 (9.8)    
    Meniscectomy only                     200   13 (6.5)                                     20 (10.0)   
    Repair ± meniscectomy                 329   13 (4.0)                                     30 (9.1)    
   Chondroplasty                                                .17                                      .15
    No                                    872   40 (4.6)                                     81 (9.3)    
    Yes                                   53    5 (9.4)                                      8 (15.1)    
   Other ligament injury or repair*^c^*                         ≥.999                                    ≥.999
    No                                    911   45 (4.9)                                     88 (9.7)    
    Yes                                   14    0 (0.0)                                      1 (7.1)     
   Any other procedure                                          .38                                      .17
    No                                    898   43 (4.8)                                     84 (9.4)    
    Yes                                   27    2 (7.4)                                      5 (18.5)    

*^a^*ACLR, anterior cruciate ligament reconstruction; BTB, bone--patellar tendon--bone; CC, calcium carbonate; HA, hydroxyapatite; PDLG, poly-[d]{.smallcaps},[l]{.smallcaps}-lactide-*co*-glycolide; PLLA, poly-[l]{.smallcaps}-lactic acid.

*^b^*Three surgeons performed 157-441 surgeries each. Four surgeons performed 8-51 each.

*^c^*Medial collateral ligament, posterior cruciate ligament, lateral collateral ligament, and posterolateral corner repair.

###### 

Logistic Regression Models for Screw Surgery Outcome and Any Screw Problem Outcome

![](10.1177_2325967120904010-table3)

  Characteristic              Odds Ratio   95% CI         *P*
  --------------------------- ------------ -------------- ------
  Screw surgery outcome                                   
   Right knee                 2.49          (1.28-4.83)   .007
   Female sex                 2.25          (1.07-4.76)   .03
   Revision surgery           3.35          (1.10-10.2)   .03
  Any screw problem outcome                               
   Low-volume surgeon         2.10          (1.20-3.68)   .01

Outcomes Among Cases Requiring Screw Removal Surgery {#section4-2325967120904010}
----------------------------------------------------

Demographic, clinical, and operative characteristics of the 45 screw removal cases are demonstrated in [Table 4](#table4-2325967120904010){ref-type="table"}. The most common surgical indication was pain at the tibial screw site (42/45, 93%). For these patients, the screws at the time of the ACLR surgery had measured between 8 and 11 mm in diameter and 25 and 35 mm in length (except for one 15-mm screw length). Screw "removal," which frequently included debridement or lavage of partially reabsorbed, pastelike screw material, was performed through an open incision in all cases. Intraoperative screw site cultures were obtained in most cases but were positive in only 2 cases (*Staphylococcus* non-*aureus*), both of which were treated successfully with oral antibiotics alone.

###### 

Characteristics at Time of Screw Removal Surgery*^a^*

![](10.1177_2325967120904010-table4)

  Characteristic                                        Total   Value
  ----------------------------------------------------- ------- ---------------
  *Demographic and clinical*                                    
   Sex                                                  45      
    Male                                                         9 (20)
    Female                                                       36 (80)
   Age at screw removal, y                              45      
    14-16                                                        12 (27)
    17-18                                                        14 (31)
    19-24                                                        19 (42)
    Mean (±SD)                                                   18.3 (±2.1)
   Injury to ACLR, d                                    42      
    Mean (±SD)                                                   86.3 (±71.9)
    (range)                                                      (10, 330)
   Time, ACLR to screw removal, y                       45      
    \<2                                                          22 (49)
    ≥2                                                           23 (51)
   Weight, kg, mean (±SD)                               37       66.0 (±12.2)
   BMI, kg/m^2^, mean (±SD)                             31       23.9 (±4.0)
   Sport                                                45      
    None                                                         1 (2)
    Soccer                                                       20 (44)
    Basketball                                                   7 (16)
    Lacrosse                                                     6 (13)
    Other*^b^*                                                   11 (24)
   Duration of symptoms, mo                             42      
    0-6                                                          24 (57)
    7-12                                                         8 (19)
    \>12                                                         10 (24)
   Screw removal surgeon*^c^*                           45      
    A                                                            14 (31)
    B                                                            15 (33)
    C                                                            4 (9)
    D                                                            8 (18)
    Others (n = 3)                                               4 (9)
   Surgical indications                                 45      
    Painful screw                                                42 (93)
    Arthrofibrosis                                               1 (2)
    Locking                                                      1 (2)
    Partial graft tear                                           1 (2)
  *Procedures performed*                                        
   Arthroscopy*^d^*                                     45       21 (47)
   Bone graft                                           45       7 (16)
  *Intraoperative findings*                                     
   Screw prominence with cystic inflammatory reaction   45       44 (98)
   Failure of fixation                                  45       0 (0)
   Screw appearance at removal                          45      
    Intact (did not resorb)                                      22 (49)
    Degraded                                                     20 (44)
    Cracked                                                      3 (7)
   Intra-articular screw prominence                     45       3 (7)

*^a^*Data are expressed as No. of knees (%) unless otherwise specified. ACLR, anterior cruciate ligament reconstruction; BMI, body mass index.

*^b^*Football (n = 3), field hockey (3), softball (2), baseball (1), hockey (1), and cross-country/track (1).

*^c^*Same surgeon as ACL repair in all but 4 cases.

*^d^*21 of 21 with arthroscopy performed showed ACL intact.

For the other 3 patients, the surgical indication was instability (associated with partial graft retear with the finding of prominent intra-articular screw, the proximal end of which underwent arthroscopic burring), stiffness (specifically loss of extension associated with a prominent intra-articular screw, for which arthroscopic lysis of adhesions and arthroscopic burring was performed), and a complaint of knee "locking" (associated with screw fragments seen as intra-articular loose bodies from presumed partial screw fragmentation that underwent arthroscopic removal of loose bodies).

Not all of the 45 screw removal cases had sufficient follow-up data after this second surgery to assess additional outcomes, such as secondary reoperation, persistent pain, and RTS. Analysis of these additional outcomes was therefore restricted to the 27 patients with at least 12 months of follow-up after screw removal surgery (median follow-up, 22.8 months). Of these 27 patients, 25 (93%) had complete resolution of screw site symptoms. One of the 2 with persistent symptoms at the last visit demonstrated signs and symptoms of a meniscal tear and arthrofibrosis after burring of a prominent intra-articular screw, and the other had persistent saphenous nerve symptoms related to her tibial incision. Of the 27 patients, 8 (30%) underwent a reoperation after screw removal surgery. Indications for reoperation included chondral/meniscal issues (4), arthrofibrosis (2), partial ACL graft tear (1), and tibial tunnel cyst formation 2 years after removal of prominent tibial screw without a cystic component (1), the latter of which was felt to be the only reoperation directly related to the tibial screw removal procedure. Of the 8 reoperations, 4 patients had at least 12 months of additional follow-up after reoperation, and 1 of these required a second reoperation for a medial meniscal tear. [Figure 2](#fig2-2325967120904010){ref-type="fig"} shows a Kaplan-Meier estimate of the cumulative probability of reoperation after screw removal surgery over time.

![Kaplan-Meier curve showing estimation for all reoperations after tibial screw removal over time.](10.1177_2325967120904010-fig2){#fig2-2325967120904010}

Of the 27 screw removal patients, 23 had at least 12 months of follow-up had RTS data; 18 of the 23 (78.3%) achieved RTS. There were no statistically significant associations between baseline characteristics and either RTS or secondary reoperation after tibial screw removal surgery.

Discussion {#section5-2325967120904010}
==========

The rate of reoperation secondary to tibial screw issues in the current large series of pediatric and adolescent patients was approximately 5%, which occurred at a median time of 2 years after ACLR. Another approximately 5% of knees developed a screw-related problem that did not require surgery, yielding a bioabsorbable screw-related complication rate of 10%, which was higher than the study hypothesis of \<5%. Regression analysis of potential predictive factors demonstrated that tibial screw--related complications were more common in low-volume surgeons. While most patients (78%) were able to RTS after screw removal surgery, the rate of requiring a third operation was high (30%), although mostly for non--screw related issues.

Bioabsorbable screw materials include biodegradable polymers such as poly(glycolic acid) (PGA), poly-[l]{.smallcaps}-lactic acid (PLLA), and poly-[d]{.smallcaps},[l]{.smallcaps}-lactic acid. The rate of screw resorption depends on the screw design, size, shape, material, and environment of implantation. Pure PLLA implants have been used with good, long-term clinical results, but some studies^[@bibr16-2325967120904010],[@bibr20-2325967120904010],[@bibr24-2325967120904010],[@bibr33-2325967120904010]^ have reported evidence of slow absorption, tunnel widening, and lack of bony ingrowth. Long-term MRI studies have been performed on PLLA screws to document absorption over time. Warden et al found that only 1 of 20 PLLA screws resorbed by 2-year follow-up,^[@bibr33-2325967120904010]^ but at 10-year follow-up,^[@bibr32-2325967120904010]^ all 6 patients who were available for study demonstrated complete screw resorption as well as intraosseous fluid collections at the tibial screw site, none of which were symptomatic. Although PLLA screws do resorb over time, there have been concerns about lack of bony ingrowth. Drogset et al,^[@bibr12-2325967120904010]^ in an MRI study, reported complete resorption without bony ingrowth of PLLA screws on MRI in 16 patients at 7 years postsurgery.

Most bioabsorbable implants today combine a degradable polymer such as PLLA or PGA and an osteoconductive compound to promote bony ingrowth, such as calcium carbonate or trimethylene carbonate, or calcium phosphates, such as β-tricalcium phosphatate (β-TCP) and hydroxyapatite (HA).^[@bibr3-2325967120904010],[@bibr6-2325967120904010]^ In an MRI study, Arama et al^[@bibr3-2325967120904010]^ showed that PLLA-HA screws were associated with progressive screw resorption and gradual but partial re-ossification over 5 years and no adverse effects. Barber and Dockery^[@bibr4-2325967120904010]^ have performed multiple computerized tomography studies on bioabsorbable screws to evaluate postimplantation bony ingrowth. For pure PLLA implants, they have shown that degradation is complete at 7 years postsurgery with very little bone ingrowth. For a composite 75% PLLA, 25% β-TCP screw, degradation was complete by 4 years with 75% incorporation of new bone,^[@bibr5-2325967120904010]^ and for a screw composed of 70% PLLA/PGA copolymer with 30% β-TCP, osteoconductivity was observed in 80% of the screw sites and complete filling in 20% at 38 months after implantation.^[@bibr7-2325967120904010]^

Previous case reports^[@bibr10-2325967120904010],[@bibr13-2325967120904010],[@bibr21-2325967120904010],[@bibr22-2325967120904010]^ have documented cyst formation in relation to the use of tibial bioabsorbable screws, including those with composite osteoconductive agents. While most of these case reports describe sterile fluid collections in association with the screw, one case report^[@bibr27-2325967120904010]^ identified a mycobacterium infection associated with an abscess around the bioabsorbable tibial screw. One case of transcutaneous extrusion was reported.^[@bibr1-2325967120904010]^ Others have published case reports^[@bibr2-2325967120904010],[@bibr8-2325967120904010],[@bibr15-2325967120904010]^ describing intra-articular migration of the bioabsorbable tibial interference screw or fracture of the screw causing locking symptoms and chondral damage after ACLR. Baums et al^[@bibr8-2325967120904010]^ reviewed the medical literature from 1990 to 2005 and identified 6 cases of bioabsorbable screw failure associated with migration of screw into the knee joint. Potential factors identified included smaller diameter screws, poor bone quality, bone resorption, and screw divergence, although no specific risk factors were formally quantified.

Other than case reports or small--sample size (level 4) clinical series, there is a paucity of published literature on complications related to bioabsorbable tibial screws. In the largest previously published series, Ramsingh et al^[@bibr28-2325967120904010]^ retrospectively reviewed 268 adult patients (mean age, 30 years) who underwent ACLR with the same PLLA-β-TCP biocomposite screw used for tibial fixation over a 4-year period. The authors identified 14 patients (5%) who developed pretibial pain and swelling over the tibial screw requiring surgical debridement at a mean time of 26 months postoperatively (range, 12-39 months). Gonzalez-Lomas et al^[@bibr14-2325967120904010]^ reported histologic findings on 7 patients with pretibial cyst formation after ACLR with PLLA screws. The cohort included 140 ACLR procedures, suggesting a 5% incidence of pretibial cyst formation, given that no nonoperatively treated symptomatic patients were reported. The authors found that none of the cysts were infectious, the ACL grafts were well-incorporated, and histologically the cyst material contained fragments of PLLA surrounded by foamy histiocytes, consistent with foreign body/giant cell reaction as the mechanism for cyst formation.^[@bibr14-2325967120904010]^

The complication rate in the current series is remarkably similar to the abovementioned studies, with the exception of a separate group of patients in the current series with similar symptoms who did *not* undergo surgical debridement (n = 44), of whom 68% improved over time with simple observation. In addition, the current series found that patients who underwent screw removal had a stable ACL (via either direct arthroscopic visualization or clinical examination under anesthesia) as well as successful RTS after screw removal surgery (only 1 patient went on to partial retear of ACL graft 3 years after screw removal surgery after a new injury). While tunnel size and the concept of enlargement or bony defects were not explored in the current study, the use of bone graft in association with screw removal was variable and may be somewhat surgeon dependent and unreliable as a proxy for tunnel enlargement. Importantly, however, the high rates of successful nonoperative treatment may indicate that cyst evolution may occur in some patients and may not necessitate surgical intervention if symptoms abate.

The single risk factor for tibial screw--related complications identified through regression analysis was a "low-volume" surgeon performing the initial ACLR, the reasons for which are unclear. It may be related to technical errors such as choice of screw size or screw position (too prominent intra-articularly or too prominent at the tibial side). Alternatively, low-volume surgeons may have been less familiar with this occasional phenomenon and therefore quicker to identify, document, and treat these complications, as they occurred. It can be argued that some of the complications reported, such as intra-articular screw prominence, are unrelated to screw material and may be related to surgeon skill (low volume vs high volume). There were 3 cases of intra-articular screw prominence, of which only 1 did not have extra-articular prominence with cystic inflammatory reaction. To explore whether the classification of intra-articular screw prominence as a screw-related complication contributed to the observed association between surgeon volume and complications, we reclassified these cases as not having any complications and repeated the analysis. The association became slightly weaker, but the *P* value only changed from .01 to .02. While no particular screw type, of the 4 categories of screw makeup studied, was predictive of the need for secondary removal surgery, or for the development of screw-related symptoms, this finding is limited by the infrequent use of some screw types in this retrospective study.

The strengths of the current study lie in the large sample size and the importance of establishing the rates and natural history of this phenomenon in the pediatric and adolescent subpopulation. Cultural trends in youth sports and epidemiologic trends in youth injuries found in this age group demonstrate it as the subgroup most affected by ACL tears; in addition, their high activity levels, active bone biology, and remaining growth are distinctly different from elderly populations. These factors may influence the frequency of this phenomenon secondary to more rapid breakdown of bioabsorbable material and may influence the success of the surgical treatment, or lack thereof. The limitations of the current study include its retrospective nature and the inherent limitations of clinical information obtained from existing medical records. While different surgeons and graft types were employed, therefore limiting the control of multiple variables, this variability may provide slightly more generalizability of the findings to multiple patients or surgeons. In addition, the study lacks comparison groups such as patients with metal screws; however, they were not utilized in our practice during the time period studied. Finally, while imaging review was performed on the patients who developed symptoms, there was a lack of available postoperative imaging in patients who did not develop symptoms, and detailed comparisons relating to tunnel size and implications of cyst formation could not be performed.

The results of the current study indicate that the complication rate related to tibial bioabsorbable screw fixation after ACLR in pediatric and adolescent patients is significant and higher than previously reported in adult series. These results reject our initial hypothesis and prior assumptions that complication rates related to these implants would be minimal in this age group. Patients and parents should be counseled appropriately before surgery with regard to this risk. Most complications were sterile cysts, although others were described earlier. Technical errors, specifically in cases of intra-articular screw prominence, made up a small minority of reported cases but may be unrelated to screw type or composition. Pediatric and adolescent patients with sterile cysts did well after reoperation for removal of screw material and cyst excision, similar to interventions reported in adult series, and a subset of nonoperatively treated patients reported resolution of symptoms over time. Factors that predispose to development of complications related to bioabsorbable tibial screw fixation remain difficult to elucidate. Low-volume surgeons may benefit from observing and discussing the details of screw selection and implantation technique with their more experienced colleagues. Neither specific screw properties, such as material or shape, nor patient-based factors appear to predispose certain patients to this phenomenon. However, given the rising rates of this surgery being performed, particularly on this age group, and the rising popularity of the category of implants, the topic benefits from continued research, particularly via prospective registry-type study models or randomized controlled trials utilizing different screw types (metal vs bioabsorbable) or comparison with complication rates related to other methods of tibial fixation after ACLR.
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